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+/ + 8
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. 6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+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&h? 
22 2 !<"h!D"  ?& Ω & + R3x  &+98
$ $ ∂Ω +&12# / f(x) ∈ C1(Ω) ?2  R3x 
2  (x1, x2, x3) ( ui = ui(x1, x2, x3)# i = 1, 2, 3# h 2+
 # p = p(x1, x2, x3) h +& &.# fi = fi(x1, x2, x3)# i = 1, 2, 3# h
+$  9 +&.      2 !<"h!D" 21
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0 +8
60 
22 2 
L(x,D)U = g. !B<"
K( g = g(x) = (g1(x), ..., gN (x))T h 6 h&?$# U = U(x) =
= (u1(x), ..., uN (x))T h 6 h&?$# x = (x1, ..., xn)# N  n h 68
 &( /&# 0  T h 6 +. 2&2















α, i, j = 1, ..., N,− !B@"
77$&( +#









∂xα11 · · ·∂xαnn
,
α = (α1, ..., αn) h  6 + Rn# 2+2  .&.H.
$& $&( /&# |α| = α1 + · · ·+ αn# aαij(x) h 6 7$#
nj = max
1iN
XU` lij(x,D), j = 1, ..., N.
2&2 XU` ?6/ +. 9 +6# 0.-  +
lij(x,D) ,2 /(# / gi(x) ∈ C(Ω)# i = 1, ..., N # aαij(x) ∈ C(Ω)# i, j = 1, ..., N #
 Ω h ?&(  + Rnx  &+9$ $ 
( l˜ij(x,D) h &. /( +. nj 1 + lij(x,D)#   
l˜ij(x,D) =
⎧⎨⎩ 0, & XU` lij(x,D) < nj ,∑
|α|=nj
aαij(x)D
α, & XU` lij(x,D) = nj.
&. mCn# & /(H !+ 2" +
L(x,D) =
⎛⎝ l11(x,D) . . . l1N (x,D). . . . . . . . .





⎛⎝ l˜11(x,D) . . . l˜1N(x,D). . . . . . . . .
l˜N1(x,D) . . . l˜NN(x,D)
⎞⎠ . !BE"
:2 +6&(  ξ = (ξ1, ..., ξn) ∈ Rn# / x ∈ Ω  $2 
!BE" 2$
L˜(x, ξ) =
⎛⎝ l˜11(x, ξ) . . . l˜1N (x, ξ). . . . . . . . .








1 · · · ξαnn , & |α| = nj .
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 G 01   #@
  ) Ω   ?) x ∈ Ω   ?) ξ ∈ Rn\{0}  @
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  1 (40) 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 G 01   #@
  ) Ω ⊂ R3
1 -&2 !B>" .&.. /2 &/2 2 !B<" + N =







































































0 0 0 −τΔ
⎞⎟⎟⎟⎟⎟⎠ .
+2 0/ 2/&
P (ξ) = det
⎛⎜⎜⎝
−ν(|ξ|2 + ξ21) −νξ2ξ1 −νξ3ξ1 0
−νξ1ξ2 −ν
(|ξ|2 + ξ22) −νξ3ξ2 0
−νξ1ξ3 −νξ2ξ3 −ν
(|ξ|2 + ξ23) 0
0 0 0 −τ |ξ|2
⎞⎟⎟⎠ .
/&. HA
P (ξ) = τν3|ξ|2[(|ξ|2 + ξ21)(|ξ|2 + ξ22)(|ξ|2 + ξ23)+ 2(ξ1ξ2ξ3)2 −
−(ξ1ξ3)2
(|ξ|2 + ξ22)− (ξ1ξ2)2(|ξ|2 + ξ23)− (ξ2ξ3)2(|ξ|2 + ξ21)] =
= 2τν3|ξ|8 > 0
&. &H? ξ = 0#   ν  τ h +&1&( /&  &  +&2
< 2 !B>" .&.. M&&+/ + 2 
A L  46"&%67 4& : %:S8F8:
 +& M&&+/ 2 !B<" + 
&h? &8
. /( + !BB" +&.. 2 +?2    2 0(
2&9 +6 !2 mCn" +&12# / -H  ? $&0
/&
s = (s1, ..., sN )  t = (t1, ..., tN ), !BC"
&.H-0 &H XU` lij(x,D)  si + tj + 0 0 i, j = 1, ..., N # &.
0 lij(x,D) = 0  M2 lij(x,D) = 0# & si + tj < 0 & /(H +8
 L(x,D) + 
&h?# H- ?2 s = (s1, ..., sN )#
<>C  
t = (t1, ..., tN )# 62 2/ 77$&( +
L˜s,t(x,D) =
⎛⎝ l˜s,t11 (x,D) . . . l˜s,t1N (x,D). . . . . . . . .




 77$&( + l˜s,tij (x,D) /&.H. + 72&2
l˜s,tij (x,D) =
⎧⎨⎩ 0, & XU` lij(x,D) < si + tj & lij(x,D) = 0,∑
|α|=si+tj
aαij(x)D
α, & XU` lij(x,D) = si + tj .
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 >") ) Ω   ?) x ∈ Ω   ?) ξ ∈ Rn\{0}
   
det L˜s,t(x, ξ) = 0. !E>"
&85' E   1 (40)  G 01   F  >
")  ) Ω ⊂ R3
F
	 
&. 2 !B>" ?2 ? !BC"# +2#  
s = (−1,−1,−1, 0)  t = (3, 3, 3, 2). !E<"













































































−ν(|ξ|2 + ξ21) −νξ2ξ1 −νξ3ξ1 ξ1
−νξ1ξ2 −ν
(|ξ|2 + ξ22) −νξ3ξ2 ξ2
−νξ1ξ3 −νξ2ξ3 −ν
(|ξ|2 + ξ23) ξ3
0 0 0 −τ |ξ|2
⎞⎟⎟⎠ .
 2 ?62# Q(ξ) = P (ξ) = 2τν3|ξ|8 > 0 &. &H? ξ = 0 &(6.( +8
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 !ED"h!EB" &.H-.  uϕ +&1  &H K2(H 8
&(0 2+2   & ϕ +?2 .6( 7/0 8
 (r, ϕ, θ)  2 (x, y, z) . 9.2 x1 = r cosϕ sin θ#










































 2 ν = η/ h M77$ 2/ .6# η h M77$
2/ .6#  = 1 h +&(# cs =
√
γ ReT h ( 6# T
h 2+# Re h 6. +..# γ h +6&( ?# Sc h /&
42  /# &. 60 γ = 1.4# Sc = 0.74 
&. 62-. 2  !ED"h!EB" 62 &( 8
60 7$ h +$   ur = ur(r, θ)# uθ = uθ(r, θ) 
&. p = p(r, θ)  τ → 0  +0  &/H 2  
K/ ?. 9  R G $2  /&  +&2
&(  ox3 92 2 +2 6# 2H-2 + r → +∞ (
U∞  & p∞#    7$ ur# uθ  p# &.H-0 
?& G = {(r, θ) : R < r < +∞, 0 < θ < π} .2 !ED"h!EB"#  1
&.2







(R, θ), uθ(+∞, θ) = −U∞ sin θ; !EF"
∂p
∂r
(R, θ) = 0, p(+∞, θ) = p∞; 0 < θ < π. !E="
K( σ h &. 776 10 2&&# . ?&6  $ +8
2# &. 0.-.  60 +& 2& 21 +&1( σ = 0.9 ..
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U2∞ cos θ. !EC"
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(1), B(+∞) = 1; !F@"
dC
dx
(1) = 0, C(+∞) = 0. !FB"
K( /& &( Re +&..  +2-(H 1. Re = (U∞R)/ν 
2&2 x ?6/ 9 r/R .6( +&1&(0 +.0 δ 





ζ = αKn# +/2 α = (2− σ)/σ 
# 6/ &(  H  & (1,+∞) 7$ A = A(x)#
B = B(x)# C = C(x)# &.H-0 .2 !EJ"h!F<"  &.2 !FD"h!FB" 
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2  !F="  c2  &H   dB(x)/dx → 0 + x → +∞ 


























































































.. c3  !=D"  2# +&( B(+∞) = 1# C(+∞) = 0  2
?62#
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 &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!FD"# !F@"# +2  2 {
B(1) + dBdx (1) =
c1
3 ,












( +( x = 1  !=@"# !=B"  /2 !FF"# !=E" +&/2 2{
ζc1
3(1+ζ) = 1 +
δ2Re
2 C(1)− c16 + c4,
c1
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, B(+∞) = 1. !=C"
(
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  +&..  
ψ = c5
(y + 1) exp(−y)
y3/2
+ c6
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. c6  !C>"  &H# +&( ψ(+∞) = 0 & ?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+/2 c∗1 = c1/3# c
∗
2 = δ
3/2c5 2.  2 .6( 21 c1  c
∗
1# 6+92
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3 + 6δ + 6δ2
2 1+2ζ1+ζ + 4
1+2ζ





2 1+2ζ1+ζ + 4
1+2ζ
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0.  !CB"# !C<"# !CE"  +& + δ → 0# ζ → 0#  62 +&.. 68
2 A(x)# B(x)# C(x)  !EC"# +&/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/ 9  m<Dn 
U  ' %&48&6# 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 5 <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(−p cos θ + 2ησ̂rr cos θ − 2ησ̂θr sin θ)∣∣∣
r=R






2 + 4δ + 4δ2
2 1+2ζ1+ζ + 4
1+2ζ










Kn2 + · · ·
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6πηRU∞. !CF"
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1− αKn + 2α2Kn2 + · · ·
]
6πηRU∞. !C="
&( +0  !C=" + ζ → 0 +  &/2 6  
 ?02( / M77 &(1.  $ 72& 
+ 6&  ,  <CCC  !2 m<@# <Bn"  +&/& / &H8






1− αKn + 3α2Kn2 + · · ·
]
6πηRU∞. !CC"
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/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1− αKn + α2Kn2 + · · ·
]
6πηRU∞. !CJ"
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T = 293 { (200 p)  2&(2 272 & (1 2 = 101325 ) 
 M0 &.0 +&( 2& oil = 0.92 /23# +&( 60 air =
1.2 · 10−3 /23# 2/. .6( 60 0.15 22/# 6. +..
Re = 2.88 · 106 M! "# +6&( ? 60 γ = 1.4# /& 42






πR3gair + F. !J>"
K( g = 9.8 · 102 2G2 h  ? +.  22 8
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& .1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  
$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 +&. K2&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<<F 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)(2 1+2ζ1+ζ + 4 1+2ζ1+ζ (δ + δ2) + δ2
2 + 4δ + 4δ2
)
. !JE"
K( ζ = αKn# δ = 2Kn/
√
πSc +&2 HH & ? +?
2&& + 72& I+2A λ  6.47·10−6 2 K/.2 /&  Kn1 =
0.01# Kn2 = 0.1# Kn3 = 0.5 /H  +& R1 = 6.47 · 10−4 2# R2 =
6.47 ·10−5 2# R3 = 1.29 ·10−5 2 6&( /&  +. +&
  1 !J<"h!JE" 2  ?&$A








R1 = 6.47 · 10−4 4.702 · 10−1 4.646 · 10−1 4.697 · 10−1 4.701 · 10−1 4.701 · 10−1
R2 = 6.47 · 10−5 5.212 · 10−3 4.646 · 10−3 5.101 · 10−3 5.151 · 10−3 5.168 · 10−3
R3 = 1.29 · 10−5 2.973 · 10−4 1.847 · 10−4 2.354 · 10−4 2.546 · 10−4 2.667 · 10−4
 0 20 &/.0 /& Re = (UR)/ν 2 2(9 $ 
# / & Kn  0.01#  +& .   Kn ∈ (0.01, 0.1]
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/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 2&&
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8
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